Binocular rivalry (BR) is an intriguing phenomenon in which conflicting images are presented, one to each eye, resulting in perceptual alternations between each image. The rate of BR has been proposed as a potential endophenotype for bipolar disorder because (a) it is well established that this highly heritable psychiatric condition is associated with slower BR rate than in controls, and (b) an individual's BR rate is approximately 50% genetically determined. However, eye movements (EMs) could potentially account for the slow BR trait given EM anomalies are observed in psychiatric populations, and there has been report of an association between saccadic rate and BR rate in healthy individuals. Here, we sought to assess the relationship between BR rate and EMs in healthy individuals (N ¼ 40, mean age ¼ 34.4) using separate BR and EM tasks, with the latter measuring saccades during anticipatory, antisaccade, prosaccade, self-paced, free-viewing, and smooth-pursuit tasks. No correlation was found between BR rate and any EM measure for any BR task (p > .01) with substantial evidence favoring this lack of association (BF 01 > 3). This finding is in contrast to previous data and has important implications for using BR rate as an endophenotype. If replicated in clinical psychiatric populations, EM interpretations of the slow BR trait can be excluded.
Introduction
When two conflicting images are simultaneously presented, one to each eye, perception spontaneously alternates between each unitary image ( Figure 1 ). Presenting vertical gratings to one eye for example, and horizontal gratings to the other eye, results in perception of the vertical gratings for a few seconds, followed by perception of the horizontal gratings for a few seconds, and so on for as long as the stimuli are presented. Binocular rivalry (BR) has been extensively studied using psychophysical, electrophysiological, brain-imaging, brain stimulation, and computational approaches, and a great deal is known about the phenomenon (Alais & Blake, 2005; Miller, 2013) . However, although there has been general consensus that the phenomenon engages multiple levels of visual processing (Blake & Logothetis, 2002) , definitive mechanistic understanding has been elusive.
The temporal dynamics of BR have been the subject of considerable investigation, particularly with respect to the rate of perceptual alternation or BR rate. BR rate is known to vary widely between individuals but to be relatively stable within individuals (e.g., Aafjes, Heuting, & Visser, 1966; Enoksson, 1963; George, 1936; Mull, Armstrong, & Telfer, 1956 ; see also Miller et al., 2010; Ngo, Barsdell, Law, & Miller, 2013; Wade & Ngo, 2013) . Furthermore, it has been shown that BR rate is significantly slower in individuals with bipolar disorder, a highly heritable psychiatric condition. In healthy individuals, BR alternations typically occur on average every 1 to 2 s, compared with every 3 to 4 s in bipolar disorder, with some perceptual periods in bipolar subjects being as long as 7 to 10 s (Miller et al., 2003; Pettigrew & Miller, 1998 ; reviewed in Ngo et al., 2013) . Slow BR rate in bipolar disorder has also been independently replicated (Nagamine, Yoshino, Miyazaki, Takahashi, & Nomura, 2009; Vierck et al., 2013) , and similar early findings were reported for the rate of perceptual alternations with ambiguous figures (Ewen, 1931; Hunt & Guilford, 1933) . In addition, a small amount of data suggest that BR rate in individuals with schizophrenia or major depression is not significantly different to that in healthy controls (Miller et al., 2003) .
The finding of slow BR rate in bipolar disorder led to the suggestion that the trait may represent an endophenotype for the condition, which could be used in genetic studies (Pettigrew & Miller, 1998; reviewed in Miller, Ngo, & van Swinderen, 2012; Ngo et al., 2013; Ngo, Mitchell, Martin, & Miller, 2011) . In support of this proposal, a large-scale twin study to assess the heritability of the trait (N ¼ 722; Miller et al., 2010) found substantial genetic contribution to individual variation in BR rate, with 52% of the variance attributable to additive genetic factors (see also Shannon, Patrick, Jiang, Bernat, & He, 2011) . This line of research has led to proposals for, and technical developments toward, large-scale studies of the potential clinical and endophenotype utility of the slow BR trait Ngo et al., 2011 Ngo et al., , 2013 .
Various external stimulus factors are well known to modulate the temporal dynamics of BR (see Howard & Rogers, 2012) . These include stimulus characteristics such as spatial frequency, drift speed, contrast, and luminance. Changing the magnitude of such modifying factors changes the signal strength (or stimulus strength) of the presented stimuli which can modulate BR rate. Previous studies have suggested that high-strength drifting stimuli may be better at distinguishing bipolar from healthy subjects because of a putative stronger effect of stimulus strength on BR rate in controls compared with bipolar subjects (Miller et al., 2003; Ngo et al., 2011) , and in preparation for large-scale clinical and genetic studies of BR rate, we have been examining this issue of optimal stimulus parameters (Miller, Law, & Ngo, 2015) . However, another important aspect of the proposed BR endophenotype requiring investigation, and that is the subject of the current article, is whether an individual's BR rate is affected by their eye movements (EMs). EM anomalies are observed in psychiatric populations, including bipolar disorder and schizophrenia (reviewed in Gooding & Basso, 2008 ; see Discussion section), and there has been recent report of an association between EM measures and BR rate in healthy individuals (Hancock, Gareze, Findlay, & Andrews, 2012) . Hence, anomalous EM profiles could potentially account for the slow BR rate trait.
Previous studies examining EM profiles in relation to BR have mainly focused on rapid shifts of gaze or saccades (Leigh & Zee, 2006) and have assessed the role of these EMs during BR. The first such study found no correlation between saccades and BR alternations (Peckham, 1936) . The next studies used afterimages (which do not involve retinal image shifts; Wade, 1974) and concluded that BR alternations can occur without the generation of saccades (Blake, Fox, & McIntyre, 1971; Wade, 1975 ; see also Wade & Tatler, 2005) . However, Blake et al. (1971) suggested that although saccades are not an essential component of rivaling afterimages, their presence during BR with real images could modify BR alternations. An influence of saccades was also proposed by Wade (1974 Wade ( , 1975 to account for shorter percept duration during real image BR compared with afterimages.
Later studies (Sabrin & Kertesz, 1980 , 1983 examined the precise influence on BR of involuntary EMs that occur during ocular fixation (i.e., microsaccades ; Zuber, Stark, & Cook, 1965) . Microsaccadic activity was shown to increase by 50% in rivalrous as opposed to nonrivalrous presentations, and a greater microsaccadic rate at the beginning of the perceptual interval rapidly dropped off to levels similar to those measured during nonrivalrous presentations. Increasing simulated microsaccades (i.e., to a rate and amplitude level of naturally occurring microsaccades) also prolonged the perceptual interval of images presented to the simulated eye by reducing the suppression period, suggesting that microsaccades likely act to maintain stimulus visibility during BR. In a more recent study, van Dam and van Ee (2006a) examined saccades made during the presentation of BR. A higher probability of saccades was found during BR immediately prior to or at the moment of the perceptual switch, suggesting that saccades may contribute to initiating perceptual alternations by acting upon early visual processes. Further examination determined that microsaccades were only correlated with perceptual alternations during BR when there were retinal image shifts on the fovea, and not with perceptual changes for which the retinal image remained stabilized (van Dam & van Ee, 2006b ; see also Kalisvaart & Goossens, 2013; Kalisvaart, Rampersad, & Goossens, 2011; Rolfs, 2009) .
Most recently, the relationship between BR and EMs was examined from an orthogonal perspective using separate BR and EM tasks (Hancock et al., 2012) . This approach was based on findings of wide individual variation in BR rate (e.g., Miller et al., 2010) and saccadic rate (e.g., Andrews & Coppola, 1999) . In that study, a sample of 20 healthy individuals was assessed in one part of the experiment for saccadic rate measured during the visual presentation of natural textures, scenes, and a visual search display. In the other part of the experiment, the subjects' BR rates were determined using stationary gratings that varied in spatial frequency. A significant positive relationship was demonstrated between BR rate and saccadic rate across each visual presentation condition, with the strongest relationship evident with EMs during viewing of natural textures. The authors concluded that this positive correlation suggested EMs and BR may share a common neural mechanism. This proposal is consistent with similar levels of genetic contribution to individual variation in BR rate (52%; Miller et al., 2010) and saccadic rate (40%-60%; Katsanis, Taylor, Iacono, & Hammer, 2000) as well as high reliability of individual variation in both BR rate (Miller et al., 2010) and EMs (e.g., Henderson & Luke, 2014; Iacono & Lykken, 1981; Klein & Fisher, 2005) .
The current study aims to examine the relationship between BR rate, and EM measures reported by Hancock et al. (2012) given the importance of such a finding for the potential endophenotype utility of the slow BR trait. In addition to attempting to independently replicate the findings of Hancock et al. (2012) , the current study extends their investigation in a number of ways. Along with a focus on natural texture viewing (given it elicited the strongest correlation with BR rate in the study by Hancock et al., 2012) and drifting BR gratings (given the most clinical BR data exist for this stimulus type), the current study explores additional EM measures carefully selected based on (a) previous research revealing impaired performance in clinical psychiatric groups (e.g., Gooding & Basso, 2008) ; (b) traditional prosaccade, anticipatory saccade, antisaccade, and smooth-pursuit EM tasks; and (c) an exploratory examination of voluntary (self-paced) EM timing.
Furthermore, the correlation of BR rate and EMs across two BR stimulus variables is assessed (drift speed and aperture size), and twice the number of participants tested by Hancock et al. (2012) is examined.
Methods Participants
A total of 40 adults (21 males) aged between 20 and 66 years (mean age ¼ 34.38 AE 12.66) with normal or corrected-to-normal vision (6/9 or better in both eyes) participated in the study. Medical and psychiatric history were screened using a brief questionnaire to exclude individuals with a psychiatric disorder (e.g., bipolar disorder, schizophrenia, and major depression), neurological disorder (e.g., epilepsy), or brain injury as well as first-degree relatives of individuals with a psychiatric disorder. All participants were naı¨ve to the experimental hypothesis, and written, informed consent was obtained in the presence of a witness prior to testing according to a protocol approved by the Alfred Human Research Ethics Committee and Monash University Human Research Ethics Committee. The research was conducted in accordance with the Declaration of Helsinki.
Experimental Protocol
Participants were instructed to abstain from consuming caffeinated drinks, tobacco, and alcohol for 4 hr prior to testing given their known effects on BR rate (Ba´ra´ny & Hallde´n, 1947; Donnelly & Miller, 1995; George, 1936; McDougall & Smith, 1920; Seedorff, 1956) . Visual acuity was assessed with a Snellen chart and handedness with the Edinburgh Handedness Inventory (Oldfield, 1971) . Participants were supervised by the experimenter throughout testing to ensure task compliance. BR and EM tasks were run in counterbalanced order across subjects to avoid potential order effects.
Apparatus and Protocol for BR Task
BR stimuli were generated with custom software programmed using Psychtoolbox-3 (Brainard, 1997; Pelli, 1997) in conjunction with MATLAB TM (MathWorks Inc., MA). Stimuli were green, square-wave rightward-drifting vertical and downward-drifting horizontal gratings presented in a circular aperture with a spatial frequency of 8 cycles/deg (contrast ¼ 0.99; mean luminance ¼ 4.8 cd/m 2 ). Drift speed and aperture size were varied across four conditions consisting of (a) 4 cycles/s drift speed in an aperture subtending 1.5 and (b) 8 cycles/s drift speed in apertures subtending 0.5 , 1 , and 1.5 . Stimuli were presented on a specialized 19 00 liquid crystal display monitor (True3Di TM ; 60 Hz frame rate, 1,280 Â 1,024 resolution). The monitor consisted of two screens each directly behind a linear polarizer oriented at right angles to each other with a half-silvered mirror (beam-combiner) in between. Rivalry stimuli were independently and simultaneously displayed at the same position on separate screens that project each stimulus in orthogonal planes (angles) of polarization. One stimulus transmits through the half-silvered mirror while the adjacent stimulus is reflected off the mirror, resulting in an interleaved (superimposed) stimulus of two orthogonally polarized images when naturally viewed (see Law et al., 2013) . To present conflicting stimuli at the same retinal region of each eye, without the need for any fixation training, subjects viewed the polarized stimulus through passive linear polarizer filters at eye level from a distance of 3 m. Each polarizer is tuned to a distinct plane of polarization allowing each eye to exclusively view one grating, while the adjacent grating is blocked from view. The result is that, simultaneously, vertical gratings were always presented to the left eye, and horizontal gratings were always presented to the right eye. This passive linear polarizer method for dichoptic presentation has negligible crosstalk (reviewed in Law et al., 2013) . However, to ensure there was no perceivable ghosting (i.e., the subjective perceptual consequence of crosstalk) during BR viewing, all subjects were instructed to (a) not tilt and rotate their head and (b) view the rivalry stimulus through the center of the polarizer filters on the glasses. Subjects were also given standardized instructions to blink naturally, view the stimuli passively and not to influence their perceptions. Subjects indicated on a standard keyboard the perception of vertical gratings by pressing one raised key (V) and horizontal gratings by pressing another raised key (B). If subjects made a response error, perceived a combination of both gratings (e.g., checkerboard, mosaic image) or saw unusual percepts (e.g., filled green circle), they pressed the spacebar.
After familiarizing subjects with the BR task, the session consisted of five 7-min test blocks divided by 110-s rest breaks ( Figure 2 ). All test blocks consisted of four 100-s trials of BR viewing separated by 30-s rest breaks. Rate increases within individuals have been shown to occur in the first minutes of viewing BR (Aafjes et al., 1966; Cogan & Goldstein, 1972; Goldstein, 1968; Hodges & Fox, 1965; Hollins, 1980; Suzuki & Grabowecky, 2007) . However, longer BR observation periods allow BR rates to stabilize for accurate recording of individuals' endogenous BR rate. Thus, the first test block served to stabilize BR rates for the remaining (four) test blocks and familiarize the subject with the task to diminish the effects of erroneous perceptual reports. To take into account potential order effects, the four BR stimulus conditions were presented in counterbalanced order across four subgroups of subjects (N ¼ 10 each). Each subgroup was run on a different stimulus condition for the first two test blocks. For the remaining test blocks (i.e., blocks 3-5), subjects within each subgroup were tested on the remaining (respective) three stimulus conditions, counterbalanced across subjects within the subgroup. Therefore, each of the 40 subjects completed all four BR stimulus conditions. BR testing was conducted in a quiet, dimly illuminated room. Online BR data collection was run with custom software generated in MATLAB TM (MathWorks Inc., MA) for Windows 7 TM .
BR Data Analysis
Offline analysis of individual BR data employed custom software developed in MATLAB TM (MathWorks Inc., MA). Data from the first test block and all mixed/unusual percepts or erroneous responses (i.e., periods indicated by a space bar press) were excluded from analysis. Each test block consists of 7 min of rivalry viewing across four 100-s trials, with rest breaks interspersed between the blocks and trials. Four groups (N ¼ 10) were each run on a different stimulus condition in test blocks 1-2, followed by the remaining (respective) three stimulus conditions in test blocks 3-5 in counterbalanced order across subjects within each group.
BR rate was calculated by dividing the total number of perceptual alternations by the total time of BR viewing (expressed in Hz).
Apparatus and Protocol for EM Tasks
EMs were recorded using an EyeLink Õ II head-mounted eye-tracker (SR Research Ltd., Ontario), which recorded gaze at 500 Hz with an average accuracy of 0.5 . Prior to task presentation, the eye tracker was calibrated and recalibrated between EM tasks if required (e.g., following head movement in a few subjects). Participants were positioned at eye level 966 mm away from a 19 00 LCD monitor (HP1950g; 60 Hz, 1,024 Â 768 resolution), with their head stabilized using a chin rest. EM tasks were generated using Experiment Builder software (SR Research Ltd., Ontario) and examined basic reflexive processes (prosaccades), as well as inhibitory processes (antisaccades), anticipatory processes (anticipatory saccades), endogenous timing processes (self-paced saccades), and saccades generated during free viewing of natural textures and smooth-pursuit tracking. The target was a green cross subtending 1 of visual angle, which was presented on the screen for antisaccade, anticipatory, self-paced, prosaccade, and smooth-pursuit tasks. The self-paced task was completed first to ensure that volitional saccade rate was not influenced by exogenous timing from other EM tasks (e.g., anticipatory task and prosaccade task) and was followed by the remaining EM tasks (counterbalanced across all subjects). The EM tasks were performed in a completely darkened room.
Antisaccade task. In each trial, a fixation target (green cross) was presented at the center of the screen for either 1,000 or 1,500 ms. This was followed either by immediate reappearance of the target at a peripheral location (step condition), or a 200 ms blank screen followed by immediate reappearance of the target in the periphery (gap condition). The target reappeared randomly at one of four locations AE5 or AE10 from the center of the screen for a period of 1,250, 1,500, or 1,750 ms, followed by a white fixation circle indicating the end of the trial. Both gap or step conditions and target locations were counterbalanced across all subjects. Participants were instructed to ''look at the central green target cross'' as it appeared on the screen. When the target reappeared in the periphery, participants were instructed ''not to look at the cross, instead look in the mirror location'' (i.e., same distance from center, but in the opposite direction). Participants were familiarized with the response instructions during a practice trial before the task. EMs were recorded during six test blocks each comprising 12 trials, with rest breaks between test blocks. Anticipatory task. Targets (green crosses) were presented in two alternative locations at AE2 horizontally equidistant from the center of the screen every 1,500 ms (i.e., predictable in location and timing). Participants were instructed to ''look at the center of each green cross as soon as it appears on the screen.'' EMs were recorded during four test blocks, each comprising 10 trials, with rest breaks between test blocks.
Self-paced task. Two targets (green crosses) were presented simultaneously at either AE 2 or AE7 horizontally equidistant from the center of the screen. Participants were instructed ''to look backward and forward between the two green crosses'' but were not advised on specific timing. EMs were recorded during four 20-s trials consisting of two trials for each target location (counterbalanced across all subjects), with rest breaks between trials. This task was included to probe voluntary EM timing given previous proposals of endogenous neural oscillators governing BR rate (Pettigrew & Miller, 1998) . A positive relationship was hypothesized between self-paced saccade rate and BR rate; hence, one-tailed correlational analyses were conducted between these measures. A significant correlation between the selfpaced task and BR rate would indirectly support the neural oscillator notion but a lack thereof (as we found; see Results section) would imply that voluntary and involuntary switching mechanisms are separate.
Prosaccade task. A central target (green cross) was presented on the screen for either 1,000 or 1,500 ms and reappeared at a peripheral location. The target reappeared at one of four locations AE5
or AE10 from the center of the screen for 1,250, 1,500, or 1,750 ms (in counterbalanced order across all subjects). Participants were instructed to ''look at the center of the green target cross each time it appeared on the screen.'' EMs were recorded during four test blocks, each comprising of 12 trials, with rest breaks between test blocks.
Free-viewing task. The experimental and stimulus protocol were similar (see Discussion section) to Hancock et al. (2012) . A series of 10 different achromatic pictures of natural textures subtending 14 Â 15 were presented on the screen for 10 s (in counterbalanced order across all subjects). Textures were obtained from the CorelDraw photograph database (as per Hancock et al., 2012) . A central white circle was presented before each image onset to fixate gaze to the center of the screen. EMs were recorded during the presentation of each image, and participants were instructed to ''look naturally at each picture as it appears on the screen.'' A positive relationship was hypothesized between free-viewing saccade rate and BR rate, hence one-tailed correlational analyses were conducted between these measures.
Smooth-pursuit EM task. A central target (green cross) was presented, which oscillated horizontally between AE10
from the center of the screen. The target drifted either with a constant predictable velocity of 4 cycles/s or in a sinusoidal manner with a peak velocity of 4 cycles/s. During this presentation, participants were instructed to ''follow the center of the green target cross as it moves on the screen.'' EMs were recorded during four 30-s trials consisting of two trials for each velocity condition (counterbalanced across all subjects), with rest breaks between trials.
EM Data Analysis
Individuals' EM data were analyzed with SR Research Eyelink Õ Data Viewer software and custom software developed in MATLAB TM (MathWorks Inc., MA). Offline analysis was performed on EM recordings from one eye (mostly the right eye), with saccades identified based on peak velocity criteria (i.e., >30 /s). Various EM measures were calculated from the data of antisaccade, prosaccade, and anticipatory tasks. They include the following: (a) saccade latency (i.e., saccadic reaction time in milliseconds after target onset for prosaccade task and for correct antisaccades), (b) primary saccade gain (i.e., ratio of initial saccade amplitude of saccade or target amplitude), (c) final eye position gain (i.e., ratio between target and EM amplitude) as a measure of EM accuracy (for all tasks), (d) antisaccade error percentage (defined as number of incorrect reflexive saccades toward target or number of correct antisaccades and reflexive saccades), (e) percentage of anticipatory saccades (i.e., saccades occurring prior to or within 100 ms of target presentation/total number of saccades; see Leigh & Zee, 2006) , and (f) saccade rate during self-paced saccade (calculated as average number of saccades during each 20-s block). These measures were screened for outliers, defined as a value greater than two standard deviations from the individual mean, which were excluded from further analyses. Individual saccadic rate and amplitude were also calculated from EM data in the free-viewing task. For this task, recorded saccades with amplitudes <0.15
were excluded from further analysis, in accordance with Hancock et al. (2012) .
For the smooth-pursuit task, different saccade types were identified based on the following criteria: (a) catch-up saccades were EMs that occurred toward the target and did not terminate ahead of the target location, (b) anticipatory saccades were EMs with a trajectory that terminated ahead of the target location, (c) backup saccades were EMs with a direction away from target trajectory (i.e., in the opposite direction), (d) squarewave jerks were saccades with an initial trajectory away from the target, followed by a stable intersaccadic interval (between 0.05 and 0.2 ms), and then by a second saccade in the opposite direction that refoveated the target (Leigh & Zee, 2006) . Subjects' average gains and frequencies of the above saccade types were subsequently calculated. These measures in the smooth-pursuit, anticipatory, pro-and anti-saccade tasks were chosen because they have been examined in the psychiatric literature and found to exhibit performance deficits in clinical groups (e.g., Gooding & Basso, 2008; O'Driscoll & Callahan, 2008) .
Bayes Factors for BR and EM Correlational Analysis
Given two hypotheses or models and on the basis of some observed data, Bayes factors enable the quantification of evidence for the competing hypotheses. In contrast, p values used in null hypothesis significance testing can only be used to reject but never accept the null hypothesis, in addition to being strongly biased toward rejecting the null hypothesis (Andraszewicz et al., 2015; Ioannidis, 2005) . Furthermore, a nonsignificant p value cannot differentiate between support for the null hypothesis and the case of insufficient evidence in order to distinguish between the null and alternate hypotheses. Even though a p value can assume any value in the range of 0 to 1, it is very often, artificially used in a binary fashion (Gigerenzer, 2004) . Bayes factors are also continuous, bounded from 0 to infinity, and show how we should update our beliefs about our prior hypotheses. For example, a Bayes factor of BF 10 ¼ 25 means that the alternate hypothesis, H 1 , is 25 times more likely than the null hypothesis. Jeffreys (1961) proposed a series of labels to help categorize the size of a given Bayes factor, such as a BF 10 < 3 indicates evidence barely worth mentioning, BF 10 ¼ 10 indicates substantial evidence, and BF 10 > 100 is considered decisive evidence for the alternate hypothesis. Bayes factor < 1 indicates evidence in favor of the null hypothesis. As Bayes factors are ratios of the evidences for each hypothesis, a Bayes factor of BF 10 ¼ 0.1 for the alternate hypothesis is the same as, the inverse of, a Bayes factor of BF 01 ¼ 10 for the null hypothesis. Note the different subscripts, where BF 10 indicates that the Bayes factor is in relation to the alternate hypothesis, H 1 , whereas BF 01 is a Bayes factor expressed relative to the null hypothesis, H 0 . The labels Jeffreys (1961) developed are very useful but should not be taken to be a substitute or decision rule for statistical inference. If a rule of BF > 3 is taken to indicate significance then we encounter the same problems with the rote use of p < .05 is significant (Gigerenzer & Marewski, 2015) .
For all of the correlation analyses between BR data and EM data, Jeffreys-Zellner-Siow (JZS) Bayes factors (Rouder, Speckman, Sun, Morey, & Iverson, 2009 ) were calculated to assess the level of evidence (single sample t-test), either for the null hypothesis that there was no correlation or the alternate hypothesis that there was some non-zero correlation coefficient (e.g., a negative or positive correlation). The prior used in the calculation of the JZS Bayes factors is known as an uninformative prior, in that the majority of the weight in determining the outcome comes from the data rather than the prior expectation. The JZS Bayes factors were calculated using R (version 3.1.1; R Development Core Team, 2008) and the Bayes factor package by Rouder et al. (2009) . A hyper-prior (parameter of the prior distribution) of 1.0 was chosen as the Cauchy prior distribution scale factor, as it offers the optimal balance between finding both large and small effects. Different choices for the prior may place more or less emphasis on the prior expectation for large or small effect sizes (Rouder et al., 2009) .
Results
Violation of normality was observed using the Shapiro-Wilk test; therefore, Spearman's correlational analyses were performed between BR rate and EM measures, with a Bonferroni-adjusted significance level of 0.01. Table 1 shows no significant correlation between BR rate and any EM measure, for any BR stimulus condition (p > .01), and in particular, for saccadic rate on the free-viewing task (Figure 3) . Table 2 shows the corresponding Bayes factors and indicates the same, with the vast majority of the correlations showing substantial evidence (BF 01 > 3) in favor of the null hypothesis of there being no correlation (Jeffreys, 1961) . For the self-paced task, although there was a pattern of (low) positive correlations between saccade rate and BR rate (see Table 1 ), they were nonsignificant, and furthermore, the corresponding Bayes factors indicate strong evidence for no relationship between these measures (see Table 2 ).
There were, however, some correlations showing a lack of sufficient evidence (BF 01 < 3), that is, that there was insufficient data to adjudicate competing hypotheses. These included correlations between (a) BR rate for an 8 cycles/s 0.5 aperture stimulus and self-paced saccade rate for 2 visual angle, (b) different BR rates and average amplitude in the freeviewing task, (c) different BR rates and final eye position gain in the antisaccade task, and (d) select BR rates for 1.5 , 1 , and 0.5 aperture and various measures from other EM tasks. Select correlations that lacked sufficient evidence in favor of the null hypothesis also trended toward significance (see Tables 1 and 2) , and we cannot rule out that more statistical power from a larger sample size might reveal significant relationships. Despite such uncertainties, the main BR rate and EM correlations of interest in the current study were adequately powered and their lack of association was well supported.
BR rate did significantly differ between some of the BR stimulus conditions, and these results are the subject of a separate paper concerning stimulus parameter effects on individuals' BR rate (see Miller et al., 2015) . A pattern of significant strong positive correlations in BR rate between stimulus conditions showed high covariance in individuals' BR rates (r ¼ .79-.91, p < .001) thus indicating that an individual with a fast (or slow) BR rate in one stimulus condition would have correspondingly fast (or slow) BR rates in other stimulus conditions. A significant high intraclass correlation in BR rate also showed low variance (high clustering) in BR rate within each stimulus condition (r ¼ .83, p < .001). The findings suggest that the BR rate differences between conditions were the result of stimulus manipulation. These observed differences, however, do not affect the current findings because there was a lack of significant correlation between BR rate and EM measures for all BR stimulus conditions.
BR rate in the current study was overall faster than BR rate in the study by Hancock et al. (2012) when averaged across all stimulus types in each study, being 0.52 Hz and 0.30 Hz, respectively. This difference is likely due to our use of drifting gratings and their use of stationary gratings (given drifting gratings elicit faster rivalry than stationary gratings; discussed in Miller et al., 2003) . However, this average rate difference between the two studies cannot account for the different EM-BR rate correlational findings between the studies because of the following additional results in the current study: (a) correlations between EMs and BR rate were not significant for either the stimulus inducing the fastest BR rate (median ¼ 0.52 Hz; 8 cycles/s in 1.5 aperture) or the stimulus inducing the slowest BR rate (median ¼ 0.40 Hz; 8 cycles/s in 0.5 aperture) and (b) post hoc median split analyses showed no significant correlation between free-viewing saccadic rate and BR rate for either the fastest BR rates (N ¼ 20, median ¼ 0.69 Hz; p ¼ .40) or the slowest BR rates (N ¼ 20, median ¼ 0.31 Hz; p ¼ .23). Furthermore, the collected BR data in Hancock et al. (2012) were not stabilized, whereas the analyses in the current study used stabilized BR data. This difference between studies cannot, however, account for their differing results because analysis of nonstabilized BR rates in the current study (i.e., first test block data) showed no significant association with saccadic rate in the free-viewing task (p ¼ .38).
Discussion
This study found no relationship between BR rate and EMs in healthy individuals over a range of EM tasks including antisaccade, anticipatory, self-paced, prosaccade, free viewing and smooth pursuit, and over a range of BR tasks with different drift speeds and aperture sizes. The finding was verified with particular Bayes factors which substantially supported this lack of association. Of most relevance, there was strong support for no relationship between an individual's saccadic rate on the free-viewing task and their BR rate. Our findings extend the study by Hancock et al. (2012) and are in contrast to it, suggesting that individual variation in EM profiles does not account for individual variation in BR rate in a healthy population. This in turn questions the proposal that EMs and BR share a common neural mechanism (Hancock et al., 2012) . The findings of the current study have significant implications for the notion of using the slow BR trait as a potential endophenotype for bipolar disorder, and for potential clinical discrimination (diagnostic utility) in the clinical psychiatric context. That is, if the findings of the current study are replicated in clinical psychiatric populations (bipolar disorder, schizophrenia, and major depression), this would exclude EM interpretations of the slow BR trait and suggest that rather than reflecting EM anomalies, BR rate reflects other genetic pathophysiological processes relevant to these disorders.
The suggestion that previous findings of slow BR rate in bipolar disorder might merely reflect anomalous EM profiles in this group is based on the fact that EM deficits have been widely reported in the psychiatric literature, especially in schizophrenia (which shares genetics with bipolar disorder; Lee et al., 2013) . In schizophrenia, increased antisaccade error rates and impaired smooth-pursuit tracking are well established (e.g., Gooding & Basso, 2008; Levy, Holzman, Matthysse, & Mendell, 1993; O'Driscoll & Callahan, 2008) , and in studies investigating saccade rate (during self-paced or predictive paradigms), there are reports of increased peak velocity in some schizophrenia patient groups (Mahlberg, Steinacher, Mackert, & Flechtner, 2001; Winograd-Gurvich, Fitzgerald, Georgiou-Karistianis, Millist, & White, 2008) .
EMs in bipolar disorder have been less extensively investigated with inconsistent results reported (reviewed in Gooding & Basso, 2008) . Bipolar disorder has been associated with smooth-pursuit gain deficits (Kathmann, Hochrein, Uwer, & Bondy, 2003; Lencer et al., 2010; Moates et al., 2012) and increased antisaccade error rates (Gooding & Tallent, 2001; Harris, Reilly, Thase, Keshavan, & Sweeney, 2009; Martin et al., 2007; Tien, Ross, Pearlson, & Strauss, 1996 ; although see Fukushima et al., 1990) . To the best of our knowledge, there are no published studies exploring saccadic rate per se in bipolar disorder such as during a self-paced or free-viewing task, although increased frequency of compensatory saccades (associated with impaired pursuit maintenance) has been reported during smooth-pursuit tracking (Martin et al., 2007) .
Given the relevance of the current findings for claims regarding the endophenotype and clinical utility of the slow BR trait, it is important to now progress the current work by examining the same protocol in clinical psychiatric groups so that definitive assessment of the relationship between EMs and BR rate can be established for these populations. The current study has at least provided strong support for no relationship between EMs and BR rate in healthy individuals.
It is unclear though why our findings for the free-viewing task failed to replicate those of Hancock et al. (2012) . Our free-viewing task was closely matched to that used by Hancock et al. (2012) in terms of protocol and stimuli, although our free-viewing images were comparatively smaller (14 Â 15 in the current study cf. 30 Â 20 in their study). Nevertheless, saccade rate during free viewing was similar between the studies (1.7-3.7/s in the current study cf. 2.1-3.9/s in their study), suggesting that free-viewing image size differences were unlikely to have influenced the results. For the BR task, we used monochromatic (green), drifting square-wave gratings rather than achromatic, stationary sinusoidal gratings. Although there were differences between studies in color scheme (green versus grayscale) and waveform (square-wave versus sinusoidal), there is little reason to believe that these stimulus differences could account for the difference in findings. There does, however, remain the possibility that the differing results are due to our use of drifting BR gratings compared with Hancock et al.'s (2012) use of stationary BR gratings. This could occur either via the different BR rates induced by these stimulus types or by other mechanisms relevant to the introduction of stimulus motion (e.g., Spering & Carrasco, 2012; Spering, Pomplun, & Carrasco, 2010 ; see also Spering & Carrasco, 2015) . However, the relatively large sample size in the current study enabled a median-split analysis to rule out rate differences per se accounting for the difference in results between the two studies. Moreover, individuals' BR rates robustly covaried across stimulus conditions in the current study. Whilst some other factor relevant to the use of drifting BR gratings accounting for the different results in the two studies cannot be ruled out, for our purposes-given the endophenotype application employs drifting BR gratings-the current support for no relationship between EMs and BR rate with drifting gratings is an important advance.
Other potential sources of the differing results between Hancock et al.'s (2012) study and the current study are worth mentioning. For example, the total BR observation period for each subject was different between the current study and that of Hancock et al. (2012) . Each subject in the current study initially viewed BR for 7 min (to adequately stabilize rivalry rates; see Miller et al., 2003) , which did not occur in the study by Hancock et al. (2012) , and was followed by BR observation periods for each of the four stimulus conditions that were relatively longer in our study compared with theirs (7 min and 2 min, respectively). This protocol difference meant that the current study collected a greater amount of individual BR data, being 28 min in total, compared with 8 min in total in the study by Hancock et al. (2012) . The current study's protocol also enabled assessment of whether the stabilization difference between studies could account for their different findings, and this explanation was excluded. Finally, the degree of voluntary control exerted by subjects may have differed between studies; however, this account appears unlikely because previous studies found no change to the pattern of temporal correlation between EMs and rivalry rate across different voluntary control conditions (van Dam & van Ee, 2006a ; see also van Dam & van Ee, 2006b) .
Many decades since the first study of EMs in BR, a definitive and comprehensive understanding of the relationship between these phenomena has yet to be established. However, the current study found no relationship between EMs and BR rate across a range of EM tasks and BR stimuli when these tasks were performed separately. This finding supports the view that EMs are not a confounding variable in determining individual variation in BR rate, at least in healthy individuals. This line of research now requires investigation in clinical psychiatric populations.
